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1. Introduction. - The study of the oscillations of the conductivity tensor is now a popular tool to determine the band structure parameters of semiconductors (effective masses and g factors...). In the extrinsic regime, when the magnetic field is so strong that only the 0 + Landau level is populated, the problem of carriers freezing out unavoidably arises.
The purpose of this paper is to provide within the framework of a very simple model a unified treatment . of the energy spectrum (free and bound states) of an electron moving in a quantizing magnetic field and interacting with random donor impurities. We will also qualitatively discuss the several impurities effect which will be shown to destroy the one dimensional nature of the electron motion.
Once the electronic energy spectrum established, we will calculate the longitudinal magnetoresistance and examine the influence of the potential strength and of the freeze out effects on the magnetic field dependence of (~p/p)ZZ. 1 The paper will be organized as follows : in section 2, we shall present the model and derive the general formulae for the longitudinal conductivity. Section 3 will be devoted to the problem of bound states in a magnetic field. In section 4, we shall discuss the behaviour of (03C3 zz when 11/ kB T » 1. Finally, section 5 will deal with the freeze-out effect.
2. Model. - In the following we shall assume a spherical parabolic dispersion relation for the electrons whose unperturbed eigenenergies in the presence of an external magnetic field H //z will be written :
. where m*, wc, Sc are the effective mass, cyclotron frequency and spin splitting ( g* 0) of the carriers at the bottom of the conduction band. The eigenfunctions corresponding to Eno are where qJn(X + A 2 ky) is the normalized harmonic oscillator function centred at xo = -À 2 ky, Â is the magnetic length (A2 = ne/eH) and Xa the spin eigenfunction (03C3 = ± 1/2).
Using the results of references [1, 2] we may express the static longitudinal conductivity 0" zz as (*) Laboratoire associé au Centre National de la Recherche Scientifique. [3] . Then after averaging h h
In principle, equations (8) (9) (10) should be solved self consistently, although we shall frequently replace K by Ko in equation (9) , i.e. without impurities we have :
The summation over n diverges for K0(1)(E) essentially because the conduction band retains an infinite extension in energy. This problem will be discussed in section 3.
Note in equation (8) The behaviours corresponding to these three cases are sketched in figure 4 . As seen in equation (29) This implies that only the impurity level attached to the first Landau level will produce a marked resonance in the conduction band. As seen in equation (36), Sn increases with n : the effective activation energy decreases with n. As is observed experimentally [6] , our model predicts the occurrence of a doublet structure for the cyclotron resonance absorption, the low-field component corresponding to the impurity cyclotron resonance, and the other peak arising from the usual free electron cyclotron resonance (see Fig. 5 [7] Solving equations (42, 43) leads to a relation between a and il. As the bound state has a very small binding energy, we may neglect n (f = fm). Then equations ( As and we recover immediately the well known oscillations of the conductivity which take place whenever Bna = y. The shape and amplitude of these oscillations have been discussed in reference [7] . Let us however investigate in closer detail the 0-oscillation, which is generally assumed to be absent [8] . To The effect of nearby impurities on the electron localization has been qualitatively discussed and we have given an estimation of the critical potential strength below which no bound state exists.
In the intrinsic regime, the magnetic field dependence of the longitudinal conductivity has been shown to be extremely sensitive to the potential strength. Despite the very crude form of the donor potential used in our calculations, we believe to have shown the difficulty of extracting from magnetoresistivity measurements reliable informations on the impurity potential.
In the extrinsic regime, the freezing out of the carriers onto the impurity sites leads to an exponential decrease of the carrier concentration which overshadows the weak magnetic field dependence of the relaxation time.
